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1

POWLER SUPPLY CIRCUIT AND CONTROL
METHOD THEREOFK

FIELD OF THE INVENTION

The present invention 1s related generally to power supplies
and control methods thereof.

BACKGROUND OF THE INVENTION

In current semiconductor processes, the electrical charac-
teristics of an integrated circuit (I1C), for example a resistance,
a capacitance, or the gain of a transistor, are still unable to
have 1deal values as the circuit design absolutely. These errors
on the electrical characteristics may cause the efficiency of
the IC degraded or incorrect operation. In conventional power
supplies, for example a low drop-out (LDO) regulator or a
DC-to-DC converter, a trimmer 1s used to trim the circuit so as
to reduce the error of the output voltage which will require
extra trim pads and thereby greater chip area and higher cost.
To reduce the number of pads, U.S. Pat. No. 6,703,885 to Fan
¢t al. proposed a trimmer method and device. However, this
method and device still require at least one trim pad.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a trim pad
free method and circuit for power supplies.

According to the present invention, a power supply circuit
comprises an output pad, an enable pad, a feedback, a trim
circuit, and a voltage regulator. The trim circuit 1includes a
variable resistor coupled to the voltage regulator. In a normal
mode, an enable signal to the enable pad enables the power
supply, such that the voltage regulator generates an output
voltage to the output pad, and the output voltage 1s fed back to
the power supply circuit. In a test mode, the voltage regulator
provides a first voltage proportional to the output voltage for
the trim circuit, a test signal applied to the enable pad enables
the trim circuit, a second voltage 1s coupled to the output pad,
and the trim circuit adjusts the variable resistor based on the
test signal and the first and second voltages to trim the output
voltage.

Since 1t 1s the original enable pad and output pad, or the
original enable pad and feedback pad used for the trim circuit
to trim the output voltage, no extra trim pad 1s required.

BRIEF DESCRIPTION OF DRAWINGS

These and other objects, features and advantages of the
present invention will become apparent to those skilled in the
art upon consideration of the following description of the
preferred embodiments of the present invention taken 1n con-
junction with the accompanying drawings, 1n which:

FIG. 1 shows a first embodiment of the present invention;

FIG. 2 shows a second embodiment of the present inven-
tion;

FIG. 3 shows a third embodiment of the present invention;

FIG. 4 shows a fourth embodiment of the present mven-
tion;

FI1G. 5 shows a fifth embodiment of the present invention;

FIG. 6 shows a sixth embodiment of the present invention;

FI1G. 7 shows a seventh embodiment of the present inven-
tion;

FIG. 8 shows an eighth embodiment of the present inven-
tion; and
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2

FIG. 9 shows a ninth embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a first embodiment of the present invention. A
power supply circuit 10 comprises a LDO regulator 12 as a
voltage regulator, a trim circuit 14, an output pad 16, and an
enable pad 18. The LDO regulator 12 includes a transistor
1202 coupled between a power source Vcc and the output pad
16, a switch SO0 coupled between the gate of the transistor
1202 and ground GND, a switch S1 coupled between the
output pad 16 and the trim circuit 14, an error amplifier 1204
having a non-inverting input coupled to a reference voltage
Vretl and an iverting mput coupled to the output pad 16
through a resistor R6 and the switch S1. The error amplifier
1204 generates a voltage V1 in response to 1ts inputs, which 1s
coupled to the gate of the transistor 1202 and the trim circuit
14 through switches S2 and S3, respectively. In the trim
circuit 14, an enable circuit 1402 generates an enable signal
EN1 based on the signal from the enable pad 18, the enable
circuit 1402 includes transistors 1414, 1416, and 1422
coupled 1n series between the enable pad 18 and ground
GND, 1n which the transistor 1422 1s a depletion mode tran-
sistor, a pair of inverters 1418 and 1420 are coupled 1n series
between the drain of the transistor 1416 and a terminal to
provide the enable signal EN1, a comparator 1406 compares
its two 1nputs to generate a comparison signal Scp, a logic
circuit 1404 includes a AND gate 1424 and a latch 1426, the
AND gate 1424 generates a signal Sc 1 based on the com-
parison signal Scp and the enable signal EN1, the latch 1426
generates a signal Sc2 based on the signal Scl, an oscillator
1408 1s enabled by the enable signal EN1 to generate a clock
CLK for a logic circuit 1410 to generate signals Q0, Q1, and
2, the logic circuit 1410 includes a AND gate 1428 and a
counter 1430, the AND gate 1428 generates a signal Sc3
based on the signal Sc2 and the clock CLK, the counter 1430
1s enabled to generate the signals Q0, Q1, and Q3 based on the
signal Sc3, a variable resistor 1444 1s coupled to the LDO
regulator 12, and a control circuit 1412 adjusts the variable
resistor 1444 based on the signals Sc2 and Sc3 to trim the
output voltage VOU'T. In the control circuit 1412, NOR gates
1432, 1434, and 1436 control switches M2, M1, and MO
based on the signals Q2, Q1, Q0 and Sc3, each of the switches
M0, M1, and M2 corresponds to one of fuses F0, F1, and F2,
and the fuses F0, F1, and F2 are polysilicon resistors. When
the switch M0, M1, or M2 turns on, the corresponding fuse
FO, F1, or F2 will be blown out for the voltage across resistor
RO, R1, or R2 to be zero, and AND gates 1438, 1440, and
1442 control switches MP0, MP1, and MP2 based on the
voltage across the resistor R0, R1, or R2 and the signals Q0,
(01, and Q2 to determine the resistance of the variable resistor

1444.

In anormal mode, the enable signal EN from the enable pad
18 signals the enable circuit 1402 to generate a low-level
ecnable signal EN1, by which the switches S0 and S3 are
turned off, the switches S1 and S2 are turned on, and the
oscillator 1408 and the counter 1430 are turned ofl, therefore
the trim circuit 14 does not perform trim function, the error
amplifier 1204 generates the voltage V1 in response to 1ts two
inputs to control the channel size of the transistor 1202 by the
switch S2 to generate the output voltage VOU'T to the output
pad 16, and the output voltage VOU'T 1s divided by a resistor
R6 and the variable resistor 1444 to feed back to the inverting
input of the error amplifier 1204 to regulate the output voltage
VOUT at a target value. According to the LDO regulator 12
shown 1n FIG. 1, the current tflowing through the resistor R6
and the variable resistor 1444 1s
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VouT

_ [EQ-1]
R6+ R,

where R 1s the resistance of the variable resistor 1444. On
the other hand, because of the virtual short between the two
iputs of the error amplifier 1204, the current 1s also deter-
mined to be

Vief

Reg

. [EQ-2]

EQ-1 and EQ-2 that

It may be obtained from the equations

VOUT=IxR6+Vref. [EQ-3]

In a test mode, the test signal applied to the enable pad 18
signals the enable circuit 1402 to generate a high-level enable
signal EN1, by which the switches S0 and S3 are turned on,
the switches S1 and S2 are turned off, and the oscillator 1408
and the counter 1430 are enabled, and therefore the trim
circuit 14 1s activated to perform trim function. When the test
signal 1s applied to the enable pad 18, a target voltage 1s also
provided the output pad 16. The target voltage 1s a desired
output voltage VOU'T the designer determines. Since the
switch S0 1s on and the switch S1 1s off, the target voltage 1s
coupled to the mnverting input of the comparator 1406 from
the output pad 16. Further, since the switches S1 and S2 are
off, the switch S3 is on, the two 1nputs of the error amplifier
1204 are virtually short, the current I flowing through the
variable resistor 1444 is obtained as the equation EQ-2, and
the voltage at the non-inverting input A 1s

V,=IXR6+R, )=IxR6+Vref. [EQ-4]

It may be obtained from the equations EQ-3 and EQ-4 that the
voltage at A 1n the test mode 1s equal to the output voltage
VOUT provided by the LDO regulator 12 1n the normal mode.
Assuming that the counter 1430 generates the signals (Q2,
Q1, Q0)=(1, 1, 1) at beginning, the fuses F0, F1, and F3 are
not blown out at this moment, so the switches MP0, MP1, and
MP2 are turned on, and thereby the resistance R, of the
variable resistor 1444 is equal to {R3//R4// R5}. After - the test
signal 1s inputted, 1f the voltage at A 1s higher than the target
voltage, the comparator 1406 generates a high-level compari-
son signal Scp, the AND gate 1424 generates a high-level
signal Sc1, the latch 1426 maintains the signal Scl to generate
a high-level signal Sc2, the AND gate 1428 generates the
signal Sc3 based on the clock CLK and the signal Sc2, the
counter 1430 generates the output signals (2, Q1, Q0)=(1, 1,
0) in response to the signal Sc3 to turn off the switch MPO, the
resistance (R, =R4//RS) of the variable resistor 1444
increases, the current I will decrease according to the equa-
tion EQ-2, and thereby the voltage V , at A will decrease. Ifthe
decreased voltage V , 1s equal to the target voltage, the com-
parator 1406 generates a low-level comparison signal Scp,
and the switch M0 1s turned on to blow out the fuse FO for
maintaining the resistance R, of the variable resistor 1444 at
the value {R4//R5}. If the decreased voltage V , 1s still igher
than the target voltage, the comparison signal Scp which 1s
generated by the comparator 1406 still maintains the high
level, the counter 1430 generates the signals (Q2, Q1, Q0)=(1,
0, 1) again to turn off the switch MP1 and turn on the switches
MP0 and MP2, the resistance R, ofthe variable resistor 1444
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increases again, the voltage V , at A decreases again. Such
steps repeat until the voltage V , at A 15 equal to the target
voltage. In this embodiment, the resistance R, of the variable
resistor 1444 has eight selectable values. In other embodi-
ments, the selectable values for the resistance R, of the
variable resistor 1444 are able to increase or decrease depend-
ing on the requirements, and if the selectable values for the
resistance R, of the variable resistor 1444 are more, the
output voltage VOU'T 1s able to be trimmed more precisely.

FIG. 2 shows a second embodiment of the present inven-
tion. In a power supply circuit 20, 1n addition to a trim circuit
22, an output pad 16, and an enable pad 18 (not shown, please
refer to FIG. 1), 1t comprises a LDO regulator 12 including a
transistor 1202, an error amplifier 1204, and switches S0, S1,
S2, and S3. The trim circuit 22 includes an enable circuit 1402
(not shown, please refer to FIG. 1), a logic circuit 1404, a
comparator 1406, an oscillator 1408, a logic circuit 1410, a
control circuit 2202, and a variable resistor 2204. In a normal
mode, an enable signal applied to the enable pad 18 signals
the enable circuit 1402 to generate an enable signal EN1 to
turn oif the switches S0 and S3 and turn on the switches S1
and S2 for the LDO regulator 12 to generate an output voltage
VOUT to the output pad 16, and 1t may be obtained from FIG.
2 that the current flowing through the transistor 1202 1s

__ vour [EQ-3]
R34+ R +RT
where R, 1s the resistance of the variable resistor 2204.

Because of the virtual short between the two iputs of the
error amplifier 1204, the voltage at the mverting input B 1s
equal to the reference voltage Vrel, and thereby the current 1s
determined to be

. Vref |[EQ-6]
C R3+ Ry

In a test mode, a target voltage and a test signal are applied
to the output pad 16 and the enable pad 18, respectively, the
test signal signals the enable circuit 1402 to generate the
enable signal EN1 to turn on the switches S0 and S3 and turn
ofl the switches S1 and S2, the target voltage 1s coupled to the
inverting input of the comparator 1406. Since the switches S1
and S2 are off and the switch S3 is on, the inverting input B of
the error amplifier 1204 1s coupled to the output of the error
amplifier 1204 through the variable resistor 2204, the resistor
R7, and the switch S3. Because of the virtual, the voltage at
the mverting input B 1s equal to the reference voltage Vret,
and thereby the current I flowing through a resistor R3 1s
obtained as the equation EQ-6, and the voltage at A 1s

Vief X R'7
R3+R.,

Va=IX(R3+ R, + R7)=Vref + [EQ-7]

It 1s obtained from the equations EQ-5 and EQ-7 that the
output voltage VOUT 1s equal to the voltage V , at A, and
thereby adjusting the voltage V , in the test mode 1s equiva-
lently adjusting the output voltage VOUT generated by the
L.DO regulator 12 1n the normal mode. Assuming that the
signals (Q2,0Q1, Q0)are (1, 1, 1) at beginning, switches MPO,
MP1, and MP2 are turned on, 1t 1s obtained from FIG. 2 that
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S

the resistance R of the variable resistor 2204 1s zero at this
moment, and the voltage V | 1s equal to

Vief X R

V
ref + R

The comparator 1406 compares the voltage V , with the target
voltage from the output pad 16, and 11 the voltage V , 1s higher
than the target voltage, the comparator 1406 will generate a
high-level comparison signal Scp, the output signals (Q2, (1,
Q0) generated by the counter 1430 turninto (1, 1, 0) to turn off
the switch MP0, the resistance R, of the variable resistor
2204 1s equal to R6, and the voltage V , decreases and equals

Vref X R

v |
"+ R TR

If the decreased voltage V , 1s equal to the target voltage, the
comparator 1406 generates a low-level comparison signal
Scp, and the switch M0 1s turned on to blow out a fuse F0. It
the decreased voltage V | 1s still higher than the target voltage,

the comparison signal Scp generated by the comparator 1406
still maintains the high level, the counter 1430 generates the
signals (Q2, Q1, Q0)=(1, 0, 1) again to turn oif the switch
MP1 and turn on the switches MP0 and MP2, the resistance
R, of the variable resistor 2204 increases again to decrease
the voltage V , at A. Such steps repeat until the voltage V | at
A 1s equal to the target voltage. In this embodiment, the
resistance R, of the variable resistor 2204 has eight select-
able values. In other embodiments, the selectable values for
the resistance R, of the variable resistor 2204 are able to
increase or decrease depending on the requirements, and 1f
the selectable values for the resistance R, ot the variable
resistor 2204 are more, the output voltage VOU'T 1s able to be
trimmed more precisely.

FIG. 3 shows a third embodiment of the present invention.
A power supply circuit 30 comprises a LDO regulator 32 as a
voltage regulator, a trim circuit 34, an output pad 16, and an
ecnable pad 18 (not shown, please refer to FIG. 1). The LDO
regulator 32 includes a transistor 3202 coupled between a
power source Vcc and the output pad 16, a switch SO 1s
coupled between the gate of the transistor 3202 and ground
GND, one end of a switch S1 1s coupled between resistors R8
and R9, the other end of the switch S1 1s coupled to an
inverting input of an error amplifier 3204, a non-inverting
input of the error amplifier 3204 1s coupled with a reference
voltage Vrel, and the error amplifier 3204 generates a voltage
V1 1in response to 1ts two mputs to couple to the gate of the
transistor 3202 and the trim circuit 34 by switches S2 and S3,
respectively. In the trim circuit 34, an enable circuit 1402 (not
shown, please refer to FIG. 1) generates an enable signal EN1
based on the signal from the enable pad 18, a comparator 3404
compares 1ts two mnputs to generate a comparison signal Scp,
a logic circuit 3402 includes a latch 3412 and a AND gate
3414, the AND gate 3414 generates a signal Scl in response
to the comparison signal Scp and the enable signal EN1, the
latch 3412 generates a signal Sc2 in response to the signal
Scl, an oscillator 3406 1s enabled by the enable signal EN1 to
generate a clock CLK for a logic circuit 3408 to generate
signals Q0, Q1, and Q2, the logic circuit 3408 includes a AND
gate 3416 and a counter 3418, the AND gate 3416 generates
a signal Sc3 1n response to the signal Sc2 and the clock CLK,
the counter 3418 1s enabled to generate the signals Q0, Q1,
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and Q3 based on the signal Sc3, a varniable resistor 3432 1s
coupled to the LDO regulator 32, and a control circuit 3410
adjusts the variable resistor 3432 based on the signals Sc2 and
Sc3 to trim the output voltage VOUT. In the control circuit
3410, NOR gates 3420, 3422, and 3424 control switches M2,
M1, and M0 1n response to the signals Sc2 and Sc3, and each
of the switches M0, M1, and M2 corresponds to one of fuses
FO, F1, and F2. When the switch M0, M1, or M2 1s turned on,

the correspondmg tuse FO, F1, or FZ Wll] be blown out such
that the voltage acrossresistor R0, R1, or R2 1s zero, and AND
gates 3426, 3428, and 3430 control SWltches MPO, MP1, and
MP2 based on the voltage across the resistor R0, R1, or R2
and the signals Q0, Q1, and Q2 to determine the resistance of
the variable resistor 3432.

In a normal mode, the enable signal from the enable pad 18
signals the enable circuit 1402 (not shown, please refer to
FIG. 1) to generate a low-level enable signal EN1, by which
the switches S0 and S3 are turned off, the switches S1 and S2
are turned on, the oscillator 3406 and the counter 3418 are
turned off, and thereby the trim circuit 34 does not perform
trim function, the error amplifier 3204 generates a voltage V1
in response to its two inputs to control the channel size of the
transistor 3202 by the switch S2 to generate the output voltage
VOUT to the output pad 16, and the output voltage VOU'T 1s
divided by resistors R8 and R9 to feed back to the inverting
input of the error amplifier 3204 to regulate the output voltage
VOUT at a target value. According to the LDO regulator 32
shown 1 FIG. 3, it may be obtained the output voltage

VOUT=I1x(R8+R9), EQ-8]
where 11 1s the current flowing through the resistors R8 and
R9. Because of the virtual short between the two mputs of the
error amplifier 3204, the current 1s also determined to be

Vref
RO

. [EQ-9]

In a test mode, the test signal applied to the enable pad 18
signals the enable circuit 1402 (not shown, please refer to
FIG. 1) to generate a high-level enable signal EN1, by which
the switches S0 and S3 are turned on, the switches S1 and S2
are turned off, and the oscillator 3406 and the counter 3418
are enabled to activate the trim circuit 34 to perform trim
function. When the test signal 1s applied to the enable pad 18,
a target voltage 1s also applied to the output 16. Since the
switch S0 1s on and the switch S1 1s off, the target voltage 1s
coupled to the mverting mput of the comparator 3404 from
the output pad 16. The switches S1 and S2 are off, the switch
S3 1s on, and the two iputs of the error amplifier 3204 are
virtually short, and thereby the voltage at the non-inverting
imput A 1s

V. =Vref=I2x(R3+R__+R7), EQ-10]
where R, 1s the resistance of the variable resistor 3432.
Further,

9 — VFEf [EQ- 1 1]

Ry +RT’

where Vref' 1s the reference voltage generated by an internal
circuit. According to the equation EQ-11, the equation EQ-10
may be rewritten as
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Vref X R3
Req + RT

Vi = Vref = Vref + [FQ-12]

Assuming that the counter 3418 generates signals (2, Q1,
Q0)=(1, 1, 1) at beginning, switches MP0, MP1, and MP2 are
turned on at this moment, so the resistance R, ot the variable
resistor 3432 1s zero. If the voltage V , at A 1s higher than the
target voltage, the comparator 3404 generates a high-level
comparison signal Scp for the AND gate 3414 to generate a
high-level signal Sc1, the latch 3412 maintains the high-level
signal Scl to generate a high-level signal Sc2, the AND gate
3416 generates a signal Sc3 based on the clock CLK and the
signal Sc2, the counter 3418 generates output signals (2,
Q1, Q0)=(1, 1, 0) in response to the signal Sc3 to turn off the
switch MP0, so the resistance R | of the variable resistor 3432
increases and equals R4, and the voltage V , at A will decrease
according to the equation EQ-12. If the decreased voltage V
1s equal to the target voltage, the comparator 3404 generates
a low-level comparison signal Scp, and the switch MPO 1s
turned on to blow out the fuse R4. It the decreased voltage V
1s still higher than the target voltage, the comparison signal
Scp generated by the comparator 3404 still maintains the high
level, the counter 3418 generates signals (Q2, Q1, Q0)=(1, 0,
1) again to turn off the switch MP1 and turn on the switches
MP0 and MP2, the resistance R, of the variable resistor 3432
increases again to decrease the voltage V , at A. Such steps
repeat until the voltage V , at A 1s equal to the target voltage.
In this embodiment, the resistance R, ot the variable resistor
3432 has eight selectable values. In other embodiments, the
selectable values for the resistance R, of the variable resistor
3432 are able to increase or decrease depending on the
requirements, and 1f the selectable values for the resistance
R, ot the variable resistor 3432 are more, the voltage Vref is
able to be trimmed more precisely and to further trim the
output voltage VOUT more precisely.

FI1G. 4 shows a fourth embodiment of the present invention.
A power supply circuit 40 comprises a DC-to-DC converter
42 as a voltage regulator, a trim circuit 44, an output pad 16,
and an enable pad 18 (not shown, please refer to FIG. 1). The
DC-to-DC converter 42 includes a pair of transistors 4202
and 4204 as switches coupled 1n series between a power
source Vcc and ground GND, a non-inverting input of an error
amplifier 4208 1s coupled with a reference voltage Vrel, an
inverting input of the error amplifier 4208 1s coupled to the
output pad 16 by a switch S1 and a resistor R9, the error
amplifier 4208 generates a voltage V1 in response to its two
inputs to couple to a PWM driver 4206 and the trim circuit 44
by switches S2 and S3, respectively, the driver 4206 switches
the transistors 4202 and 4204 based on the voltage V1, the
gate of the transistor 4202 1s coupled to the power source Vcc
by a switch S0, and the gate of the transistor 4204 1s coupled
to ground GND by a switch S4. The trim circuit 44 includes an
enable circuit 1402 (not shown, please refer to FIG. 1), logic
circuits 4402 and 4408, a comparator 4404, an oscillator
4406, a control circuit 4410, and a variable resistor 4432.

In a normal mode, the switches S0, S3, and S4 1n the
DC-to-DC converter 42 turn off, the switches S1 and S2 turn
on, and the error amplifier 4208 compares the reference volt-
age Vrel with a feedback voltage VFB to generate the voltage
V1 for the PWM driver 4206 to switch the transistors 4202
and 4204 to convert the supply voltage Vcc to the output
voltage VOU'T. In a test mode, the switches S0, S3, and S4 in
the DC-to-DC converter 42 turn on, the switches S1 and S2
turn oif, a test signal applied to the enable pad 18 signals the
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8

cnable circuit 1402 to generate a high-level enable signal
EN1, and a target voltage 1s coupled to the inverting input of
the comparator 4404 from the output pad 16. Because of
virtual short, the voltage V , at the non-inverting input of the
comparator 4404 1s equal to the reference voltage Vret, and
the comparator 4404 compares the voltage V , with the target
voltage to generate a comparison signal Scp. A AND gate
4412 1n the logic circuit 4402 generates a signal Scl 1n
response to the comparison signal Scp and the enable signal
EN1 for the latch 4414 to generate a signal Sc2, the oscillator
4406 1s enabled to generate a clock CLK, a AND gate 4416 1n
the logic circuit 4418 generates a signal Sc3 based on the
signal Sc2 and the clock CLK, and the counter 4418 generates
signals (Q2, Q1, Q0) 1n response to the signal Sc3 and the
clock CLK. Assuming that the signals (Q2, Q1, Q0) are (1, 1,
1) at beginning, so NOR gates 4420, 4422, and 4424 1n the
control circuit 4410 all generate low-level signals to turn off
the switches M0, M1, and M2, and AND gates 4426, 4428,
and 4430 all generate high-level signals to turn on the
switches MP0, MP1, and MP2 in the variable resistor 4432. I
the reference voltage Vref'1s higher than the target voltage, the
signal Sc2 has high level to further change the signals (2,
Q1, Q0) to (1, 1, 0), the switch MP0 1s turned off at this
moment, and the resistance R, of the resistor 4432 increases
and equals R6 to decrease the reference voltage Vref. If the
decreased reference voltage Vrel 1s still higher than the target
voltage, the signals (2, Q1, Q0) change to (1, 0, 1) again to
turn off the switch MP1 and turn on the switches MP0 and
MP2. Such steps repeat until the reference voltage Vref 1s
equal to the target voltage. It may be obtained from FI1G. 4 that
the output voltage VOUT will be regulated with the reference
voltage Vrel, and thereby the output voltage VOUT 1s
trimmed by adjusting the reference voltage Vref.

FIG. 5 shows a fifth embodiment of the present invention.
A power supply circuit 50 comprises a DC-to-DC converter
52 as a voltage regulator, a trim circuit 54, an output pad 16,
and an enable pad 18 (not shown, please refer to FIG. 1). The
DC-to-DC converter 52 includes a pair of transistors 5206
and 35208 as switches coupled 1n series between a power
source Ve and ground GND, a non-inverting input of an error
amplifier 5202 1s coupled with a reference voltage Vref, an
inverting mput of the error amplifier 5202 1s coupled to the
output pad 16 by a resistor R7 and a switch S1, the error
amplifier 5202 generates a voltage V1 1n response to 1ts two
iputs to couple to a PWM driver 5204 and the trim circuit 54
by switches S2 and S3, respectively, the driver 5204 switches
the transistors 5206 and 5208 based on the voltage V1, the
gate of the transistor 5206 1s coupled to the power source Vcc
by a switch S0, and the gate of the transistor 5208 1s coupled
to ground GND by a switch S4. The trim circuit 54 includes an
enable circuit 1402 (not shown, please refer to FIG. 1), logic
circuits 5402 and 5408, a comparator 5404, an oscillator
5406, a control circuit 5410, and a variable resistor 5420.

In a normal mode, the switches S0, S3, and S4 in the
DC-to-DC converter 52 turn off, the switches S1 and S2 turn
on, and the output voltage VOUT 1s divided by resistors R7
and R3 and the variable resistor 5420 to generate a feedback
voltage

R3+ R,
R34+ R.; + R

VFB = EQ-13]

X VOUT,

where R, 1s the resistance of the variable resistor 5420. The
error amplifier 5202 generates a voltage V1 in response to a
reference voltage Vret and the feedback voltage VEB for the
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PWM dniver 5204 to switch the transistors 5206 and 5208 to
generate the output voltage VOUTT.

In atest mode, the switches S0, S3, and S4 1n the DC-to-DC
converter 52 turn on, the switches S1 and S2 turn off, a target
voltage 1s applied to the mverting mput of the comparator
5404 from the output pad 16, and a test signal applied to the
ecnable pad 18 signals the enable circuit 1402 (not shown,
please refer to FIG. 1) to generate an enable signal EN1 to
enable the oscillator 5406 and the counter 5418. Because of
virtual short, the voltage VFB at the feedback terminal B 1s
equal to the reference voltage Vrel, and thereby the current
flowing through the resistor R3 and the variable resistor 5420
1S

,_ v [EQ-14]
R34+ Ry
Hence the voltage at the non-inverting input A 1is
VA=V1=IxRT+Vref [EQ-15]

The comparator 5404 compares the voltage V , with the target
voltage to generate a comparison signal Scp, a AND gate
5412 1n the logic circuit 5402 generates a signal Scl 1n
response to the comparison signal Scp and the enable signal
EN1 for the latch 5414 to generate a signal Sc2, a AND gate
5416 1n the logic circuit 5408 generates a signal Sc3 based on
the signal Sc2 and a clock CLK generated by the oscillator
5406, and the counter 5418 generates signals (Q2, Q1, Q0)1n
response to the signal Sc3 for the control circuit 5410 to adjust
the variable resistor 5420. It may be obtained from the equa-
tions EQ-14 and EQ-15 that the voltage V , will vary with the
resistance R, of the variable resistor 5420. When the voltage
V , reaches the target voltage, the control circuit 3410 blows
outfuses FO, F1, or F2 inresponse to the signals (Q2, Q1, Q0)
to maintain the resistance R, of the variable resistor 5420.
Besides, 1t may be obtained from the equation EQ-13 that the
teedback voltage VFB will be maintained because of virtual
short, so the output voltage VOUT 1s trimmed with the resis-
tance R, of the variable resistor 5420, and thereby the output

voltage VOUT 1s trimmed by adjusting the variable resistor
5420.

FIG. 6 shows a sixth embodiment of the present invention.
A power supply circuit 60 comprises a DC-to-DC converter
62 as a voltage regulator, a trim circuit 64, a feedback pad 66,
and an enable pad 18 (not shown, please refer to FIG. 1). The
DC-to-DC converter 62 includes a pair of transistors 6206
and 6208 as switches coupled 1n series between a power
source Vcc and ground GND, a non-inverting input of an error
amplifier 6202 1s coupled with a reference voltage Vrel, an
inverting input of the error amplifier 6202 1s coupled to the
teedback pad 66 by a switch S1, the error amplifier 6202
generates a voltage V1 1 response to 1ts two inputs to couple
to a PWM driver 6204 and the trim circuit 64 by switches S2
and S3, respectively, the PWM drniver 6204 switches the tran-
s1stors 6206 and 6208 based on the voltage V1, the gate of the
transistor 6206 1s coupled to the power source Vcc by a switch
S0, and the gate of the transistor 6208 1s coupled to ground
GND by a switch S4. The trim circuit 64 includes an enable
circuit 1402 (not shown, please refer to FI1G. 1), logic circuits
6402 and 6408, a comparator 6404, an oscillator 6406, a
control circuit 6410, and a variable resistor 6420. In this
embodiment, the variable resistor 6420 includes resistors R4,
RS, and R6 coupled in series, and each of the resistors R4, RS,
and R6 parallel coupled to one of switches MP2, MP1, and
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MPO. In other embodiments, the resistors R4, RS, and R6 may
couple 1n parallel, and each of the resistors R4, R5, and R6

serially coupled to one of the switches MP2, MP1, and MPO.

In a normal mode, the switches S0, S3, and S4 1n the
DC-to-DC converter 62 turn off, the switches S1 and S2 turn

on, the output voltage VOU'T 1s divided by resistors R8 and
R9 to generate a feedback voltage VFB, and the error ampli-

fier 6202 generates a voltage V1 1n response to the reference

voltage Vrel and the feedback voltage VFB for the PWM
driver 6204 to switch the transistors 6206 and 6208 to gener-

ate the output voltage VOU'T. Because of virtual short, 1t may
be obtained the feedback voltage

_ _ [EQ-16]
VFEB = Vref = 78 1 RO X VOUT,
and the reference voltage
Vref=Ix(R, +R3+R7), [EQ-17]

where R, 1s the resistance of the variable resistor 6420.
Besides,

Vref

_ [EQ-18]
Req + R3’

{

where Vrel' 1s the Reference voltage generated by an internal
circuit. According to the equation EQ-18, the equation EQ-17
may be rewritten as

Vref X R7
Req + R3

Vref = Vref + [EQ-19]

In a test mode, the switches S0, S3, and S4 in the DC-to-DC
converter 62 turn on, the switches S1 and S2 turn off, a test
signal applied to the enable pad 18 signals the enable circuit
1402 (not shown, please refer to FIG. 1) to generate an enable
signal EN1 to enable the oscillator 6406 and the counter 6418,
a target voltage 1s applied to the mverting input of the com-
parator 6404 from the feedback pad 66. Because of virtual
short, the voltage V , at the non-inverting mput A of the
comparator 6404 1s equal to the voltage V1 and the reference
voltage Vret, the comparator 6404 compares the voltage V ,
with the target voltage to generate a comparison signal Scp, a
AND gate 6412 1n the logic circuit 6402 generates a signal
Scl 1n response to the comparison signal Scp and the enable
signal EN1 for the latch 6414 to generate a signal Sc2, a AND
gate 6416 in the logic circuit 6408 generates a signal Sc3
based on the signal Sc2 and a clock CLK generated by the
oscillator 6406, and the counter 6418 generates signals ()2,
Q1, Q0) 1n response to the signal Sc3 for the control circuit
6410 to adjust the variable resistor 6420. From the equation
EQ-19, 1t may be obtained that the reference voltage Vref will
vary with the resistance R of the variable resistor 6420, so
the voltage V  at A will also vary with the resistance R, of the
variable resistor 6420. When the voltageV , reaches the target
voltage, the control circuit 6410 blows out fuses F0, F1, or F2
in response to the signals (Q2, Q1, Q0) to maintain the resis-
tance R, of the variable resistor 6420. Since the resistors R8
and R9 are constant, it may be obtained from the equation
EQ-16 that the output voltage VOUT 1s trimmed with the
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reference voltage Vref, and thereby the output voltage VOU'T
1s trimmed by adjusting the variable resistor 6420.

FIG. 7 shows a seventh embodiment of the present mnven-
tion. A power supply circuit 70 comprises a LDO regulator 72
as a voltage regulator, a trim circuit 74, an output pad 76, and
an enable pad 78. In the LDO regulator 72, a non-inverting
input of an error amplifier 7202 1s coupled with a reference
voltage Vret, an inverting input of the error amplifier 7202 1s
coupled to the output pad 76 by a resistor R3 and a switch S1,
the error amplifier 7202 generates a voltage V1 in response to
its two mputs to couple to the gate of a transistor 7204 and the
trim circuit 74 by switches S2 and S3, respectively, and the
transistor 7204 coupled between a power source Vec and the
output pad 76 has a gate coupled to ground GND by a switch
S0. The trim circuit 74 includes an enable circuit 7402, logic

circuits 7404 and 7410, a comparator 7406, an oscillator
7408, a control circuit 7412, and a varnable resistor 7432.
Diodes D0, D1, and D2 in the control circuit 7412 are Zener
diodes. The enable circuit 7402 includes transistors 7414,
7416, and 7418 coupled 1n series between the enable pad 78
and ground GND, in which the transistor 7418 1s a depletion
mode transistor, and a pair of inverters 7420 and 7422 coupled
in series between the drain of the transistor 7418 and an
enable signal EN1.

In a normal mode, an enable signal applied to the enable
pad 78 signals the enable circuit 7402 to generate a low-level
enable signal EN1, by which switches S0 and S3 1n the LDO
regulator 72 are turned ofl, and the switches S1 and S2 are
turned on, the output voltage VOUT 1s divided by a resistor
R3 and a vaniable resistor 7432 1n the trim circuit 74 to
generate a feedback voltage VFB, and the error amplifier
generates a voltage V17202 1n response to the reference volt-
age Vrel and the feedback voltage VFB to control the channel
size of the transistor 7204 to generate the output voltage
VOUTT. Because of virtual short, the feedback voltage VEB 1s
equal to the reference voltage Vret, so the current flowing
through the transistor 7204 1s

_ Vref

I - n
Req

[EQ-20]

where R 1s the resistance value of the variable resistor 7432.
Hence the output voltage 1s

POUT=IX(R3+R,,). [EQ-21]

In a test mode, a target voltage and a test signal are applied
to the output pad 76 and the enable pad 78, respectively. The
test signal signals the enable circuit 7402 to generate a high-
level enable signal EN1, by which the switches S0 and S3 1n
the LDO regulator 72 are turned on, the switches S1 and S2
are turned off, and the oscillator 7408 and a counter 7430 are
enabled, and the target voltage 1s coupled to the inverting
input of the comparator 7406 1n the trim circuit 74. Because of
virtual short, the voltage at the inverting input B of the error
amplifier 7202 1s equal to the reference voltage Vret, the
current 1 tlowing through the resistor R3 and the variable
resistor 7432 1s obtained as the equation EQ-20, and thereby

the voltage at the non-inverting mput A of the comparator
7406 1s

VA=IX(R3+R.,). EQ-22]
The comparator 7406 compares the target voltage with the
voltage V , to generate a comparison signal Scp, a AND gate

7424 1n the logic circuit 7404 generates a signal Scl 1n
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response to the comparison signal Scp and the enable signal
EN1 for a latch 7426 to generate a signal Sc2, the oscillator
7408 1s enabled by the enable signal EN1 to provide a clock
CLK, and a AND gate 7428 1n the logic circuit 7410 generates
a signal Sc3 1n response to the signal Sc2 and the clock CLK
for the counter 7430 to generate signals (2, Q1, Q0) for the
control circuit 7412 to adjust the variable resistor 7432. After
the voltage V , reaches the target voltage, the comparator
7406 generates a low-level signal Scp, and the latch 7426
generates a low-level signal Sc2. When the signal Q0, Q1, or
Q2 1s zero, NOR gate NORO, NOR1, or NOR2 generates a
high-level signal, and level shift circuit LS corresponding to
the NOR gates NORO, NOR1, or NOR2 generates a voltage
higher than the supply voltage Vcc to short the diode D0, D1,
or D2 by blowing out the diode D0, D1, or D2 to maintain the
resistance R of the variable resistor 7432. According to the
equation EQ-21, the resistance R, of the variable resistor
7432 will intfluence the output voltage VOU'T, and thereby the
output voltage VOU'T 1s trimmed.

FIG. 8 shows an eighth embodiment of the present inven-
tion. A power supply circuit 80 comprises a LDO regulator 82
as a voltage regulator, a trim circuit 84, an output pad 86, and
an enable pad 88. In the LDO regulator 82, the non-inverting
input of an error amplifier 8202 1s coupled with a reference
voltage Vrel, the inverting input of the error amplifier 8202 1s
coupled to the output pad 86 by aresistor R3 and a switch S1,
the error amplifier 8202 generates a voltage V1 1n response to
its two 1nputs to couple to the gate of a transistor 8204 and the
trim circuit 84 by switches S2 and S3, respectively, and the
transistor 8204 coupled between a power source Vcce and the
output pad 86 has a gate coupled to ground GND by a switch
S0. The trim circuit 84 includes an enable circuit 8402, logic
circuits 8404 and 8410, a comparator 8406, an oscillator
8408, a control circuit 8412, and a variable resistor 8432.
Transistors Tr10, Tril, Tr12, Ref0, Refl, and Ref2 are the
clements of an erasable programmable read only memory
(EPROM) 1n the control circuit 8412. The enable circuit 8402
includes transistors 8414, 8416, and 8418 coupled 1n series
between the enable pad 88 and ground GND, in which the
transistor 8418 1s a depletion mode transistor, and a pair of
inverters 8420 and 8422 coupled 1n series between the drain
of the transistor 8418 and an enable signal EN1.

In a normal mode, an enable signal applied to the enable
pad 88 signals the enable circuit 8402 to generate a low-level
enable signal EN1, by which switches S0 and S3 1n the LDO
regulator 82 are turned off, and the switches S1 and S2 are
turned on, the output voltage VOUT 1s divided by a resistor
R3 and a variable resistor 8432 m the trim circuit 84 to
generate a feedback voltage VFB, and the error amplifier
8202 generates a voltage V1 1n response to the reference
voltage Vrel and the feedback voltage VFB to control the
channel size of the transistor 8204 to generate the output
voltage VOU'T. Because of virtual short, the feedback voltage
VEB 1s equal to the reference voltage Vrel, so the current
flowing through the resistor R3 1s

_ Vref

. [EQ-23]
Res

where R, 1s the resistance of the variable resistor 8432.

Hence the output voltage 1s
POUT=Ix(R3+R.,). [EQ-24]

In a test mode, a target voltage and a test signal are applied
to the output pad 86 and the enable pad 88, respectively. The
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test signal signals the enable circuit 8402 to generate a high-
level enable signal EN1, by which the switches S0 and S3 1n

the LDO regulator 82 are turned on, the switches S1 and S2
are turned off, and the oscillator 8408 and a counter 8430 are
enabled, and the target voltage 1s coupled to the inverting
input of the comparator 8406 1n the trim circuit 84. Because of
virtual short, the voltage at the inverting input B of the error
amplifier 8202 1s equal to the reference voltage Vret, the
current 1 tlowing through the resistor R3 and the variable
resistor 8432 1s obtained as the equation EQ-23, and thereby

the voltage at the non-inverting input A of the comparator
8406 1s

VA=IX(R3+R,,) [EQ-25]
The comparator 8406 compares the target voltage with the
voltage V , to generate a comparison signal Scp, a AND gate
8424 in the logic circuit 8404 generates a signal Scl 1n
response to the comparison signal Scp and the enable signal
EN1 for a latch 8426 to generate a signal Sc2, the oscillator
8408 1s enabled by the enable signal EN1 to provide a clock
CLK, anda AND gate 8428 1n the logic circuit 8410 generates
a signal Sc3 1n response to the signal Sc2 and the clock CLK
tor the counter 8430 to generate signals (2, Q1, Q0) for the
control circuit 8412 to adjust the variable resistor 8432. After
the voltage V , reaches the target voltage, the comparator
8406 generates a low-level signal Scp, and the latch 8426
generates a low-level signal Sc2. When the signal Q0, Q1, or
Q2 1s zero, NOR gate NORO, NOR1, or NOR2 corresponding
to the signal Q0, Q1, or Q2 generates a high-level signal, level
shift circuit LS generates a voltage higher than the supply
voltage Vcc, the transistor Tr10, Tri1, or Tr12 corresponding to
the level shift circuit LS 1s programmed to higher VT level,
and signal OUTO0, OUT1, or OUT2 1s low-level to turn off
switch MP0, MP1, or MP2 to maintain the resistance R of
the variable resistor 8432. According to the equation EQ-24,
the resistance R, ot the variable resistor 8432 will influence
the output Voltage VOUT, and thereby the output voltage

VOUT 1s trimmed.

FI1G. 9 shows a ninth embodiment of the present invention.
A power supply circuit 90 comprises a LDO regulator 92 as a
voltage regulator, a trim circuit 94, an output pad 96, and an
enable pad 98. In the LDO regulator 92, the non-inverting
input of an error amplifier 9202 1s coupled with a reference
voltage Vrel, the inverting input of the error amplifier 9202 1s
coupled to the output pad 96 by aresistor R3 and a switch S11,
the error amplifier 9202 generates a voltage V1 in response to
its two 1nputs to couple to the gate of a transistor 9204 and the
trim circuit 94 by switches S2 and S3, respectively, and the
transistor 9204 coupled between a power source Vec and the
output pad 96 has a gate coupled to ground GND by a switch
S0. The trim circuit 94 includes an enable circuit 9402, logic
circuits 9404 and 9410, a comparator 9406, an oscillator
9408, a control circuit 9412, and a variable resistor 9432. The
enable circuit 9402 includes transistors 9414, 9416, and 9418
coupled 1n series between the enable pad 98 and ground
GND, 1n which the transistor 9418 1s a depletion mode tran-
sistor, and a pair of inverters 9420 and 9422 are coupled 1n
series between the drain of the transistor 9418 and an enable
signal EN1.

In a normal mode, an enable signal applied to the enable
pad 98 signals the enable circuit 9402 to generate a low-level
enable signal EN1, by which switches S0 and S3 1n the LDO
regulator 92 are turned ofl, and the switches S1 and S2 are
turned on, the output voltage VOUT 1s divided by a resistor
R3 and a variable resistor 9432 1n the trim circuit 94 to
generate a feedback voltage VFB, and the error amplifier
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9202 generates a voltage V1 1n response to the reference
voltage Vrefl and the feedback voltage VFB to control the
channel size of the transistor 9204 to generate the output
voltage VOU'TT. Because of virtual short, the feedback voltage
VFEB 1s equal to the reference voltage Vrel, so the current
flowing through the resistor R3 1s

. Vief [EQ-26]
=R
where R, 1s the resistance of the variable resistor 9432.

Hence the output voltage 1s

POUT=IX(R3+R,,). [EQ-27]

In a test mode, a target voltage and a test signal are applied
to the output pad 96 and the enable pad 98, respectively. The
test signal signals the enable circuit 9402 to generate a high-
level enable signal EN1, by which the switches S0 and S3 1n
the LDO regulator 92 are turned on, the switches S1 and S2
are turned off, and the oscillator 9408 and a counter 9430 are
ecnabled, and the target voltage 1s coupled to the inverting
input of the comparator 9406 1n the trim circuit 94. Because of
virtual short, the voltage at the inverting input B of the error
amplifier 9202 1s equal to the reference voltage Vref, the
current I flowing through the resistor R3 and the variable
resistor 9432 1s obtained as the equation EQ-26, and thereby

the voltage at the non-inverting mput A of the comparator
9406 1s

VA=Ix(R3+R_).

[EQ-28]

The comparator 9406 compares the target voltage with the
voltage V , to generate a comparison signal Scp, a AND gate
9424 in the logic circuit 9404 generates a signal Scl 1n
response to the comparison signal Scp and the enable signal
EN1 for a latch 9426 to generate a signal Sc2, the oscillator
9408 1s enabled by the enable signal EN1 to provide a clock
CLK, and a AND gate 9428 1n the logic circuit 9410 generates
a signal Sc3 1n response to the signal Sc2 and the clock CLK
for the counter 9430 to generate signals (Q2, Q1, Q0) for the
control circuit 9412 to adjust the variable resistor 9432. After
the voltage V , reaches the target voltage, the operation 1s like
that of the power supply circuit 80. When the signal Q0, (Q1,

or Q2 1s low-level, signal outl, out2, or out3 corresponding to

the signal Q0, Q1, or Q2 1s low level to turn off switch MPO,
MP1, or MP2. Switch P0, P1, or P2 1s turned off by diode DO,
D1, or D2 to latch the output state more efficiently to maintain
the resistance R, of the variable resistor 9432. According to
the equation JQ 27 the resistance R, | of the variable resistor
8432 will influence the output Voltage VOUT, and thereby the
output voltage VOU'T 1s trimmed.

In the power supply circuit 60 shown 1n FIG. 6, according,

to the designer’s requirements, the polysilicon resistors may
be replaced with Zener diodes or EPROMSs as the fuses FO,

F1, and F2.

While the present invention has been described 1n conjunc-
tion with preferred embodiments thereof, it 1s evident that
many alternatives, modifications and variations will be appar-
ent to those skilled 1n the art. Accordingly, it 1s intended to
embrace all such alternatives, modifications and variations
that fall withun the spirit and scope thereof as set forth 1n the
appended claims.

What 1s claimed 1s:
1. A power supply circuit, comprising:
an output pad;



US 7,557,553 B2

15

an enable pad for enabling said power supply circuit by
receiving an enable signal 1n a normal mode;

a trim circuit; and

a voltage regulator for providing an output voltage to said
output pad in said normal mode and providing a {first
voltage proportional to said output voltage for said trim
circuit 1n a test mode;

wherein 1n said test mode, said enable pad recerves a test
signal to signal said trim circuit to perform a trim func-
tion, a second voltage 1s coupled to said output pad, and
said trim circuit trims said output voltage 1n response to
said first and second voltages.

2. The power supply circuit of claim 1, wherein said trim

circuit comprises:
a comparator having a first input coupled with said second

voltage and a second input coupled with said first volt-
age for comparing said first voltage with said second

voltage to generate a comparison signal;

an enable circuit for generating a second enable signal in
response to said test signal;

a first logic circuit for generating a first signal in response
to said comparison signal and second enable signal;

an oscillator for being enabled by said second enable signal
to generate a clock;

a second logic circuit for generating a plurality of second
signals 1n response to said first signal and clock;

a variable resistor coupled to said voltage regulator; and

a control circuit for trimming said output voltage by adjust-
ing said variable resistor 1n response to said first signal
and plurality of second signals.

3. The power supply circuit of claim 2, wherein said first

logic circuit comprises:

a AND gate for generating a third signal 1n response to said

comparison signal and second enable signal; and

a latch for generating said first signal 1n response to said
third signal.

4. The power supply circuit of claim 2, wherein said second
logic circuit comprises:
a AND gate for generating a third signal in response to said
first signal and clock; and

a counter for being enabled by said second enable signal to
generate said plurality of second signals based on said
third signal.

5. The power supply circuit of claim 2, wherein said volt-
age regulator comprises a low drop-out regulator.

6. The power supply circuit of claim 5, wherein said low
drop-out regulator comprises:

a first switch;

a second switch coupled between said output pad and sec-
ond 1nput;

a third switch;

a fourth switch;

a transistor having a gate, a source, and a drain, said gate
coupled to a reference voltage by said first switch, said
source coupled to said output, said drain coupled to a
third voltage; and

an error amplifier having a third input coupled with a fourth
voltage and a fourth input coupled to said output pad by
said second switch, said error amplifier generating said
first voltage in response to voltages at said third and
fourth mputs to couple to said gate of said transistor and
said second iput by said third and fourth switches,
respectively;

wherein said first and fourth switches are turned off and
said second and third switches are turned on 1n said
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normal mode, and said first and fourth switches are
turned on and said second and third switches are turned
oif 1n said test mode.

7. The power supply circuit of claim 6, wherein said first,
second, third, and fourth switches are controlled by said sec-
ond enable signal.

8. The power supply circuit of claim 6, wherein said vari-
able resistor 1s coupled to said output pad by said second
switch.

9. The power supply circuit of claim 6, further comprising,
a current source for providing a current flowing through said
variable resistor to generate said fourth voltage.

10. The power supply circuit of claim 2, wherein said
control circuit comprises a plurality of fuses to permanently
determine said resistance of said variable resistor 1n response
to said first signal and plurality of second signals.

11. The power supply circuit of claim 10, wherein said
fuses are polysilicon resistors.

12. The power supply circuit of claim 10, wherein said
fuses are Zener diodes.

13. The power supply circuit of claim 10, wherein said
fuses are erasable programmable read only memories.

14. The power supply circuit of claim 2, wherein said
voltage regulator comprises a DC-to-DC converter.

15. The power supply circuit of claim 14, wherein said
DC-to-DC converter comprises:

a first switch;

a second switch coupled with said first switch in series

between a power source and a reference voltage;

a driver for generating a first driving signal and a second
driving signal based on said first voltage to switch said
first and second switches to generate said output voltage;

a third switch coupled between said first driving signal and
a third voltage;

a fourth switch coupled between said output pad and sec-
ond 1nput;

a fifth switch:;

a sixth switch;

a seventh switch coupled between said second driving si1g-
nal and a fourth voltage; and

an error amplifier having a third input coupled with a fifth
voltage varying with said output voltage and a fourth
input coupled with a sixth voltage, said error amplifier
generating said first voltage 1n response to said fifth and
sixth voltages to couple to said driver and said second
input by said fifth and sixth switches, respectively;

wherein 1n said normal mode, said third, sixth, and seventh
switches are turned oif and said fourth and fifth switches
are turned on, and 1n said test mode, said third, sixth, and
seventh switches are turned on and said fourth and fifth
switches are turned off.

16. The power supply circuit of claim 15, wherein said
third, fourth, fifth, sixth, and seventh switches are controlled
by said second enable signal.

17. The power supply circuit of claim 15, wherein said
variable resistor 1s coupled to said output pad by said fourth
switch.

18. The power supply circuit of claim 2, wherein said
variable resistor comprises:

a plurality of resistors coupled in parallel; and

a plurality of switches, each of said switches coupled to one
of said plurality of resistors in series;

wherein said variable resistor i1s adjusted by said plurality
of switches.

19. The power supply circuit of claim 2, wherein said

variable resistor comprises:

a plurality of resistors coupled in series; and
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a plurality of switches, each of said switches coupled to one
of said plurality of resistors 1n parallel;

wherein said variable resistor 1s adjusted by said plurality
ol switches.

20. A power supply circuit, comprising:

an output pad;

an enable pad for enabling said power supply circuit by
receiving an enable signal in a normal mode;

a trim circuit;

a voltage regulator for providing an output voltage to said
output pad in said normal mode and providing a {first
voltage proportional to said output voltage for said trim
circuit 1n a test mode; and

a feedback pad for feeding back said output voltage to said
power supply circuit;

wherein 1n said test mode, said enable pad recerves a test
signal to signal said trim circuit to perform a trim func-
tion, a second voltage 1s coupled to said output pad, and
said trim circuit trims said output voltage 1n response to
said first and second voltages.

21. The power supply circuit of claim 20, wherein said trim

circuit comprises:

a comparator having a first input coupled with said second
voltage and a second input coupled with said first volt-
age for comparing said first voltage with said second
voltage to generate a comparison signal;

an enable circuit for generating a second enable signal 1n
response to said test signal;

a first logic circuit for generating a first signal in response
to said comparison signal and second enable signal;

an oscillator for being enabled by said second enable signal
to generate a clock;

a second logic circuit for generating a plurality of second
signals 1n response to said first signal and clock;

a variable resistor coupled to said voltage regulator; and

a control circuit for trimming said output voltage by adjust-
ing said variable resistor 1n response to said first signal
and plurality of second signals.

22. 'The power supply circuit of claim 21, wherein said first

logic circuit comprises:

a AND gate for generating a third signal in response to said
comparison signal and second enable signal; and

a latch for generating said first signal 1n response to said
third signal.

23. The power supply circuit of claim 21, wherein said

second logic circuit comprises:

a AND gate for generating a third signal 1n response to said
first signal and clock; and

a counter for being enabled by said second enable signal to
generate said plurality of second signals based on said
third signal.

24. The power supply circuit of claim 21, wherein said

voltage regulator comprises a DC-to-DC converter.

25. The power supply circuit of claim 24, wherein said

DC-to-DC converter comprises:

a first switch;

a second switch coupled with said first switch 1n series
between a power source and a reference voltage;

a driver for generating a first driving signal and a second
driving signal based on said first voltage to switch said
first and second switches to generate said output voltage;

a third switch coupled between said first driving signal and
a third voltage;

a fourth switch coupled between said feedback pad and
second 1nput;

a fifth switch;
a sixth switch:
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a seventh switch coupled between said second driving sig-

nal and a fourth voltage; and

an error amplifier having a third input coupled to said

feedback pad by said fourth switch and a fourth input
coupled with a fifth voltage, said error amplifier gener-
ating said {irst voltage 1n response to the voltage at said
feedback pad and said fifth voltage to couple to said
driver and said second mput by said fifth and sixth
switches, respectively;

wherein 1n said normal mode, said third, sixth, and seventh

switches are turned off and said fourth and fifth switches
are turned on, and 1n said test mode, said third, sixth, and
seventh switches are turned on and said fourth and fifth
switches are turned oif.

26. The power supply circuit of claim 25, wherein said
third, fourth, fifth, sixth, and seventh switches are controlled
by said second enable signal.

277. The power supply circuit of claim 21, wherein said
control circuit comprises a plurality of fuses to permanently
determine said resistance of said variable resistor in response
to said first signal and plurality of second signals.

28. The power supply circuit of claim 27, wherein said
fuses are polysilicon resistors.

29. The power supply circuit of claim 27, wherein said
fuses are Zener diodes.

30. The power supply circuit of claim 27, wherein said
fuses are erasable programmable read only memories.

31. The power supply circuit of claim 21, wherein said
variable resistor comprises:

a plurality of resistors coupled in series; and

a plurality of switches, each of said switches coupled to one

of said plurality of resistors in parallel;

wherein said varniable resistor 1s adjusted by said plurality

of switches.

32. The power supply circuit of claim 21, wherein said
variable resistor comprises:

a plurality of resistors coupled in parallel; and

a plurality of switches, each of said switches coupled to one

of said plurality of resistors in series;

wherein said vanable resistor 1s adjusted by said plurality

of switches.

33. A control method for a power supply circuit, said power
supply circuit including an output pad, an enable pad, a trim
circuit, and a voltage regulator, said trim circuit having a
variable resistor coupled to said voltage regulator, said volt-
age regulator providing an output voltage to said outputpad in
a normal mode and providing a first voltage proportional to
said output voltage for said trim circuit in a test mode, said
control method comprising the steps of recerving a test signal
and a second voltage by said enable pad and said output pad,
respectively, and trimming said output voltage by said test
signal and said first and second voltages 1n said test mode.

34. The control method of claim 33, wherein said step of
trimming said output voltage 1n said test mode comprises the
steps of:

generating a comparison signal by comparing said first

voltage with said second voltage;

generating a first signal based on said comparison signal

and test signal;

providing a clock based on said test signal;

generating a plurality of second signals based on said first

signal and clock; and

trimming said output voltage by adjusting said variable

resistor based on said first signal and plurality of second
signals.

35. The control method of claim 34, wherein said step of
trimming said output voltage by adjusting said variable resis-
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tor comprises the step of determining states of a plurality of
tuses based on said first signal and plurality of second signals
to permanently determine said resistance of said variable
resistor.

36. A control method for a power supply circuit, said power
supply circuit including an output pad, an enable pad, a feed-
back pad, a trim circuit, and a voltage regulator, said trim
circuit having a variable resistor coupled to said voltage regu-
lator, 1n a normal mode, said voltage regulator providing an
output voltage to said output pad, and said output voltage fed
back to said power supply circuit by said feedback pad, 1n a
test mode, said voltage regulator providing a first voltage
proportional to said output voltage for said trim circuit, said
control method comprising the steps of receiving a test signal
and a second voltage by said enable pad and said output pad,
respectively, and trimming said output voltage by said test
signal and said first and second voltages 1n said test mode.

37. The control method of claim 36, wherein said step of
trimming said output voltage in said test mode comprises the
steps of:
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generating a comparison signal by comparing said first
voltage with said second voltage;

generating a {irst signal based on said comparison signal
and test signal;

providing a clock based on said test signal;

generating a plurality of second signals based on said first
signal and clock; and

trimming said output voltage by adjusting said variable
resistor based on said first signal and plurality of second
signals.

38. The control method of claim 37, wherein said step of
trimming said output voltage by adjusting said variable resis-
tor comprises the step of determining states of a plurality of
fuses based on said first signal and plurality of second signals

to permanently determine said resistance of said variable
resistor.
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